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(57)  Avehicle body tilting device for a railway vehicle
includes a telescopic hydraulic actuator (A) interposed
between a vehicle body (D) and a bogie (W). The device
includes an actuator circuit (5) that drives the actuator
(A), and a damping and locking circuit (13) that damps
elongation/contraction of the hydraulic actuator (A)
caused by an external force. The damping and locking
circuit (13) includes a shutoff mechanism (17, 18, 19, 43)
that shuts off a flow of working fluid accompanying the
elongation/contraction of the hydraulic actuator (A). By
selectively applying the actuator circuit (5) and the damp-
ing and locking circuit (13) and operating the shutoff
mechanism (17, 18, 19, 43), the vehicle body tilting de-
vice functions as an actuator that tilts the vehicle body,
a damper that absorbs vibration of and impacts to the
vehicle body, and an inhibiting cylinder that prevents the
vehicle body from tilting.
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Description
FIELD OF THE INVENTION

[0001] This invention relates to a vehicle body tilting
device that tilts a vehicle body of a railway vehicle in a
vehicle transverse direction relative to a bogie using an
actuator interposed between the vehicle body and the
bogie.

BACKGROUND OF THE INVENTION

[0002] Whenarailway vehicle runsalonga curvedsec-
tion, centrifugal force acts on a vehicle body in an oppo-
site direction to a center of curvature of the curved sec-
tion. This centrifugal force increases as a traveling speed
of the vehicle increases. To alleviate the action of this
centrifugal force and improve the speed of the railway
vehicle while traveling along a curve, a difference of el-
evation known as a cant is provided on a track of the
railway vehicle between an inside rail on the center of
curvature side and an outside rail on the opposite side.
[0003] The cant is fixed and cannot be modified ac-
cording to conditions. When railway vehicles travel along
a fixed cant at different traveling speeds, the cant be-
comes steadily less sufficient as the traveling speed of
the vehicle increases. When the cant is insufficient, a
large centrifugal force acts on the railway vehicle, leading
to a reduction in the passenger comfort of the vehicle.
[0004] To compensate for an insufficient cant, a vehi-
cle body tilting device that tilts the vehicle body in a lateral
direction relative to a bogie is available. When the railway
vehicle travels along a curved section, the vehicle body
tilting device is activated as necessary to tilt the vehicle
body toward the center of curvature side relative to the
bogie, thereby compensating for the insufficient cant, im-
proving the passenger comfort of the vehicle, and ena-
bling high-speed travel along the curved section.
[0005] In the vehicle body tilting device, for example,
a linear actuator driven by air pressure is interposed be-
tween the vehicle body, which is supported on the bogie
via a pendulum beam, and the bogie, and the vehicle
body is tilted relative to the bogie by causing the actuator
to elongate and contract.

[0006] Meanwhile, the passenger comfort of the vehi-
cle also deteriorates when the vehicle body is tilted rel-
ative tothe bogie on a cant even though the vehicle speed
is low and there is no need to tilt the vehicle body. In
response to this problem, a technique of interposing an
inhibiting cylinder between the vehicle body and the bo-
gie is known. When there is no need to tilt the vehicle
body, the incline of the vehicle body relative to the bogie
is locked by the inhibiting cylinder.

[0007] When a railway vehicle including this vehicle
body tilting device travels along snow-covered ground,
elongation and contraction of the actuator and the inhib-
iting cylinder may be impaired by ice attached to the ac-
tuator and inhibiting cylinder or snow compressed into
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movable parts thereof.

[0008] Topreventoperational defectsina vehicle body
tilting device caused by snow and ice, JPH08-268275A,
published by the Japan Patent Office in 1996, proposes
accommodating the actuator and the inhibiting cylinder
in the hollow pendulum beam.

SUMMARY OF THE INVENTION

[0009] A compressor is typically installed in a railway
vehicle, and the vehicle body tilting device uses com-
pressed air from the compressor. In other words, there
is no need to generate compressed air in the vehicle body
tilting device, and therefore the vehicle body tilting device
constituted by the actuator and the inhibiting cylinder can
be accommodated in the pendulum beam.

[0010] However, an actuator driven by air, which is
highly compressible, tends to be deficient in thrust and
responsiveness, and it is therefore not easy to realize a
target vehicle body tilt angle with a high degree of preci-
sion.

[0011] This problem does not occur when the actuator
is driven using the pressure of an incompressible fluid,
such as oil pressure, instead of air pressure. Since a
railway vehicle is not typically installed with an oil pres-
sure source that can be used by the vehicle body tilting
device, a dedicated oil pressure source such as a hy-
draulic pump is required to use a hydraulic vehicle body
tilting device. However, when a hydraulic vehicle body
tilting device is used, the oil pressure source must also
be accommodated in the pendulum beam, which is diffi-
cult in terms of space.

[0012] It is therefore an object of this invention to pro-
vide a small hydraulic vehicle body tilting device that can
be accommodated in a pendulum beam.

[0013] Inorderto achieve the above object, this inven-
tion provides a vehicle body tilting device for a railway
vehicle comprising a telescopic hydraulic actuator inter-
posed between a vehicle body and a bogie of the railway
vehicle, an actuator circuit that drives the hydraulic ac-
tuator to elongate and contract, and a damping and lock-
ing circuit that damps elongation/contraction of the hy-
draulic actuator caused by an external force and includes
a shutoff mechanism that shuts off a flow of working fluid
accompanying the elongation/contraction of the hydrau-
lic actuator caused by the external force.

[0014] The details as well as other features and ad-
vantages of this invention are set forth in the remainder
of the specification and are shown in the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]
FIG. 1 is a side view of a vehicle body tilting device

according to this invention, which is interposed be-
tween a vehicle body and abogie of a railway vehicle.
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FIG. 2 is a hydraulic circuit diagram of the vehicle
body tilting device.

FIG. 3 is a hydraulic circuit diagram of a vehicle body
tilting device according to a second embodiment of
this invention.

FIG. 4 is a hydraulic circuit diagram of a vehicle body
tilting device according to a third embodiment of this
invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] Referring to FIG. 1 of the drawings, a vehicle
body B of a railway vehicle is supported relative to a bogie
W via a pendulum beam D to be capable of rocking in a
lateral direction. An actuator A of a vehicle body tilting
device is interposed between the pendulum beam D and
the bogie W.

[0017] The actuator A is constituted by a double rod
linear actuator. A cylinder 2 is joined by a hinge to the
bogie W via a bracket 2a. One end of a piston rod 4 is
joined by a hinge to the pendulum beam D. Another end
of the piston rod 4 is a free end.

[0018] Referring to FIG. 2, the vehicle body tilting de-
vice comprises the actuator A, an actuator circuit 5 that
supplies oil pressure to the actuator A, and a damping
and locking circuit 13 that causes the actuator A to func-
tion as a damper and an inhibiting cylinder.

[0019] The actuator A comprises a piston 3 accommo-
dated in the cylinder 2 to be free to slide. The piston rod
4 is joined to the piston 3 so as to project from both axial
direction sides of the cylinder 2. Two pressure chambers
R1 and R2 are defined in the cylinder 2 by the piston 3.
[0020] The actuator circuit 5 comprises a bidirectional
discharge hydraulic pump 1 driven by an electric motor
M, two ports that function as a suction port and a dis-
charge port of the hydraulic pump 1 in accordance with
a rotation direction of the hydraulic pump 1, an oil pas-
sage 9 connected to one port, and an oil passage 10
connected to the other port. The oil passage 9 is con-
nected to one ofthe pressure chambers R1 in the cylinder
2 via a solenoid switch valve 7. The oil passage 10 is
connected to the other pressure chamber R2 in the cyl-
inder 2 via a solenoid switch valve 8.

[0021] One or both of the oil passages 9 and 10 is
connected to an accumulator 11 via a low pressure se-
lection valve 12. The accumulator 11 also collects leaked
oil pressure leaking from the hydraulic pump 1.

[0022] The solenoid switch valve 7 includes a valve
main body 7a having a communicating position in which
the oil passage 9 communicates with the pressure cham-
ber R1andacheck positionin which working oil is allowed
to flow from the oil passage 9 into the pressure chamber
R1 but prevented from flowing in reverse. The solenoid
switch valve 7 includes a spring 7b that biases the valve
main body 7a to the check position, and a solenoid 7¢
that switches the valve main body 7a to the communi-
cating position against the spring 7b through magnetic
excitation.
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[0023] The solenoid switch valve 8 includes a valve
main body 8a having a communicating position in which
the oil passage 10 communicates with the pressure
chamber R2 and a check position in which working oil is
allowed to flow from the oil passage 10 into the pressure
chamber R2 but prevented from flowing in reverse. The
solenoid switch valve 8 includes a spring 8b that biases
the valve main body 8a to the check position, and a so-
lenoid 8c that switches the valve main body 8a to the
communicating position against the spring 8b through
magnetic excitation.

[0024] The low pressure selection valve 12 includes a
valve main body 12a having a first position in which the
oil passage 9 communicates with the accumulator 11, a
second position in which the oil passage 10 communi-
cates with the accumulator 11, and a third position in
which both the oil passage 9 and the oil passage 10 com-
municate with the accumulator 11. The low pressure se-
lection valve 12 also includes a pilot passage 12b that
applies the pressure of the oil passage 9 to the valve
main body 12a to bias the valve main body 12a toward
the second position, and a pilot passage 12c¢ that applies
the pressure of the oil passage 10 to the valve main body
12a to bias the valve main body 12a toward the first po-
sition. In a neutral state, the low pressure selection valve
12 is positioned in the third position.

[0025] When the pressure on the oil passage 9 side
exceeds the pressure on the oil passage 10 side, the low
pressure selection valve 12 switches to the second po-
sition such that the oil passage 10 communicates with
the accumulator 11. When the pressure on the oil pas-
sage 10 side exceeds the pressure on the oil passage 9
side, the low pressure selection valve 12 switches to the
first position such that the oil passage 9 communicates
with the accumulator 11.

[0026] The damping and locking circuit 13 includes a
flow passage 14b communicating with the pressure
chamber R1 of the cylinder C, and a flow passage 14c
communicating with the pressure chamber R2 of the cyl-
inder C. The flow passage 14b is connected to a shutoff
valve 16 via a check valve 20. The flow passage 14c is
connected to the shutoff valve 16 via a check valve 21.
The check valves 20 and 21 allow working oil to flow from
the flow passages 14b and 14c toward the shutoff valve
16 and prevent working oil from flowing in reverse.
[0027] The shutoff valve 16 includes a valve body 163,
a spring 16e that biases the valve body 16a in a closing
direction, a valve seat 16b that seats the valve body 16a,
a back pressure chamber 16f that applies back pressure
to the valve body 16a, a drain passage 17 that releases
the back pressure, and a passage 16c¢ having an orifice
16d, which leads oil pressure upstream of the valve seat
16b to the back pressure chamber 16f through the valve
body 16a.

[0028] A normally open solenoid switch valve 18 and
a solenoid switch valve 19 are provided in series in the
drain passage 17. The solenoid switch valve 18 includes
a valve main body 18a having a communicating position
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in which the solenoid switch valve 18 communicates with
the drain passage 17 via an internal orifice, and a check
position in which working oil is allowed to flow from the
drain passage 17 into the back pressure chamber 16f
but prevented from flowing in reverse. The solenoid
switch valve 18 also includes a spring 18b that biases
the valve main body 18a toward the communicating po-
sition, and a solenoid 18c that switches the valve main
body 18a to the check position against the spring 18b
through excitation.

[0029] The solenoid switch valve 19 is a solenoid two
position switch valve which includes a valve main body
19a having a communicating position in which the sole-
noid switch valve 19 communicates with the drain pas-
sage 17 via an internal orifice, and a check position in
which working oil is allowed to flow from the drain pas-
sage 17 into the back pressure chamber 16f but prevent-
ed from flowing in reverse. The solenoid switch valve 19
switches these positions in accordance with selective ex-
citation of a plurality of solenoids 19b. When none of the
solenoids 19b is excited, the solenoid switch valve 19
maintains the position obtained through the previous ex-
citation. Instead of the solenoid switch valve 19, any
switch valve that is switched by a manual or other oper-
ation and has a function for maintaining its last position
until a new switch operation is performed may be used.
[0030] Instead of the check position, the solenoid
switch valves 18 and 19 may be provided with a shutoff
position in which the flow of working oil in both directions
is completely shut off. The solenoid switch valves 18 and
19 are both constructed to communicate with the drain
passage 17 via the internal orifice in the communicating
position, but the orifice may be omitted such that the
working oil in the drain passage 17 flows freely. The or-
ifice is provided to suppress rapid displacement of the
valve body 16a of the shutoff valve 16, thereby preventing
noise when the valve body 16a is seated on the valve
seat 16b and chattering in the valve body 16a.

[0031] When either one of the solenoid switch valves
18 and 19 is in the check position, the back pressure
chamber 16f enters an oil lock state, and therefore the
valve body 16a of the shutoff valve 16 cannot be lifted.
In this case, both the flow passage 14b and the flow pas-
sage 14c are shut off from a main flow passage 14a.
[0032] When the solenoid switch valves 18 and 19 are
both in the communicating position, on the other hand,
the valve body 16a is lifted from the valve seat 16b in
accordance with the pressure in the flow passage 14b or
the flow passage 14c, and as a result, the working oil in
the flow passage 14b or the flow passage 14c flows
downstream into the main passage 14a.

[0033] The main flow passage 14a is provided with a
damping valve 15 that varies a flow passage area in ac-
cordance with an upstream side pressure, and an orifice
15b for bypassing the damping valve 15. When the up-
stream pressure is low, the damping valve 15 does not
open, and therefore the working oil in the main flow pas-
sage 14a flows through the orifice 15b. The damping
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valve 15 opens when the upstream pressure of the orifice
15b rises above a predetermined cranking pressure due
to anincrease in flow rate through the main flow passage
14a. When the actuator A functions as a damper, the
damping valve 15 and the orifice 15b function as a damp-
ing force generating element for generating a damping
force by applying resistance to the flow of the main flow
passage 14a as the piston rod 4 elongates and contracts.
[0034] The main flow passage 14a is connected to the
accumulator 11 via a connecting passage 24 down-
stream of the damping valve 15 and the orifice 15b. The
connecting passage 24 is connected to the flow passage
14b via a flow passage 14d and a check valve 22 and to
the flow passage 14c via a flow passage 14e and a check
valve 23. The check valve 22 functions to allow working
oil to flow from the connecting passage 24 into the flow
passage 14b and prevent working oil from flowing out of
the flow passage 14b into the connecting passage 24.
The check valve 23 functions to allow working oil to flow
from the connecting passage 24 into the flow passage
14c and prevent working oil from flowing out of the flow
passage 14c into the connecting passage 24.

[0035] The damping and locking circuit 13 further com-
prises arelief valve 25 that opens when the flow passage
14b or the flow passage 14c reach or exceed a fixed high
pressure to allow the excess pressure to escape into the
accumulator 11 through the connecting passage 24.
[0036] Using the actuator circuit 5 and the damping
and locking circuit 13 constructed as described above,
the vehicle body tilting device functions as follows.
[0037] When the hydraulic pump 1 is driven to rotate
in a direction for supplying oil pressure to the pressure
chamber R1 while the solenoid switch valves 7 and 8 are
in their respective communicating positions and the shut-
off valve 16 is closed, the piston 3 in the cylinder C is
propelled in a rightward direction of FIGs. 1 and 2 by the
oil pressure supplied to the pressure chamber R1, and
as a result, the piston rod 4 tilts the vehicle body B in a
counterclockwise direction of FIG. 1. When the hydraulic
pump 1 is driven to rotate in a direction for supplying oil
pressure to the pressure chamber R2 while the solenoid
switch valves 7 and 8 and the shutoff valve 16 are held
in the same state, the piston 3 in the cylinder C is pro-
pelled in a leftward direction of FIGs. 1 and 2 by the oil
pressure supplied to the pressure chamber R2, and as
a result, the piston rod 4 tilts the vehicle body B in a
clockwise direction of FIG. 1. Thus, the vehicle body tilting
device functions as an actuator for tilting the vehicle body.
[0038] When oil pressure is to be supplied to the pres-
sure chamber R1, the hydraulic pump 1 suctions working
oil from the pressure chamber R2, or from the accumu-
lator 11 connected to the oil passage 10 via the low pres-
sure selection valve 12 in the second position, pressu-
rizes the suctioned working oil, and discharges the pres-
surized working oil into the oil passage 9. When oil pres-
sure is to be supplied to the pressure chamber R2, the
hydraulic pump 1 suctions working oil from the pressure
chamber R1, or from the accumulator 11 connected to



7 EP 2 216 228 A1 8

the oil passage 9 via the low pressure selection valve 12
in the first position, pressurizes the suctioned working
oil, and discharges the pressurized working oil into the
oil passage 10.

[0039] When necessary, the accumulator 11 supplies
the working oil to be suctioned by the hydraulic pump 1,
and therefore, even if a working oil volume in the cylinder
2 decreases due to a temperature decrease or the like,
the hydraulic pump 1 can supply oil pressure to the olil
chamber R1 or R2 without problems.

[0040] The low pressure selection valve 12 switches
from the first position to the second position or from the
second position to the first position via the third position
whenever the orientation of thrust applied to the piston
3 by the hydraulic pump 1 reverses.

[0041] The low pressure selection valve 12 is provided
to prevent an internal pressure of the cylinder C from
rising excessively due to an increase in the temperature
of the working oil, to prevent the internal pressure of the
cylinder C from turning negative due to a reduction in the
temperature of the working oil, to compensate for a vol-
ume difference between the pressure chamber R1 and
the other chamber R2 due to a manufacturing error in
the cylinder C, and so on using the accumulated pressure
of the accumulator 11.

[0042] The vehicle body tilting device comprises a
stroke sensor 30 that detects a stroke position of the pis-
ton 3, or in other words displacement of the piston rod 4.
An operation of the hydraulic pump 1 is controlled on the
basis of the displacement of the piston 3 detected by the
stroke sensor 30. More specifically, elongation/contrac-
tion of the actuator A is feedback-controlled such that a
tilt angle of the vehicle body corresponds to a target tilt
angle.

[0043] Next, acaseinwhichthe solenoid switch valves
7 and 8 are both in their respective check positions and
the actuator circuit 5 does not drive the actuator A will be
considered.

[0044] When the shutoff valve 16 is closed such that
the main flow passage 14a is shut off, communication
between the pressure chambers R1 and R2 of the cylin-
der C is blocked. In this state, the actuator A enters a
locked state and functions as an inhibiting cylinder to lock
tilting of the vehicle body relative to the bogie.

[0045] When the actuator A is forced to elongate and
contract by an external force while the shutoff valve 16
is open such that the main flow passage 14ais connected
to the pressure chamber R1 or R2, working oil moves
into the pressure chamber R2 from the pressure chamber
R1 via the flow passage 14b, the main flow passage 14a,
and the flow passage 14e. Alternatively, working oil
moves into the pressure chamber R1 from the pressure
chamber R2 via the flow passage 14c, the main flow pas-
sage 14a, and the flow passage 14d. In both cases, the
working oil passes through the damping valve 15 or the
orifice 15b while generating damping force. In other
words, the actuator A elongates and contracts while gen-
erating damping force relative to a load of the forcing

10

15

20

25

30

35

40

45

50

55

power of the external force, and therefore the vehicle
body tilting device functions as a damper.

[0046] When an excessive load is applied to the actu-
ator A in an elongation/ contraction direction regardless
of the open/closed state of the shutoff valve 16 such that
the internal pressure of the pressure chamber R1 or the
pressure chamber R2 becomes abnormally high, the re-
lief valve 25 opens. The relief valve 25 diverts the high
internal pressure of the pressure chamber R1 or the pres-
sure chamber R2 through the shutoff valve 16 and the
damping valve 15 or the orifice 15b so that the pressure
escapes to the low pressure side pressure chamber R2
or R1.

[0047] When the volume of the working oil in the actu-
ator A and the damping and locking circuit 13 decreases
due to temperature variation or the like, the accumulator
11 provides supplementary working oil to the pressure
chamber R1 via the check valve 22 or to the pressure
chamber R2 via the check valve 23. Hence, the actuator
circuit 5 and the damping and locking circuit 13 include
an independent working oil volume compensating circuit.
[0048] It should be noted, however, that the actuator
circuit 5 and damping and locking circuit 13 do not nec-
essarily have to include an independent working oil vol-
ume compensating circuit. For example, the solenoid
switch valves 7 and 8 may be provided with a shutoff
position, in which the flow of working oil in both directions
is completely shut off, instead of the check position. In
this case, working oil volume compensation is always
performed via the damping and locking circuit 13.
[0049] Next, an operation of the vehicle body tilting de-
vice having the above construction will be described.
[0050] When the railway vehicle is inoperative, for ex-
ample when the railway vehicle has finished operating
and lowered its pantograph, and is parked in a vehicle
terminal, power supply to the railway vehicle is interrupt-
ed. In this case, the vehicle body tilting device must func-
tion as an inhibiting cylinder for preventing the vehicle
body from tilting to ensure that the vehicle body is not
caused to tilt by a crosswind or the like.

[0051] In this case, the solenoid switch valve 19 is
switched to the check position before the power supply
is interrupted. The normally open solenoid switch valve
18 is set in the communicating position when the power
supply is interrupted. As a result, back pressure acting
on the valve body 16a of the shutoff valve 16 is locked,
and therefore the shutoff valve 16 is held in a closed
state. Further, the solenoid switch valves 7 and 8 of the
actuator circuit 5 are held in the check position by the
springs 7b and 8b, respectively. Hence, the actuator A
is maintained in a locked state for preventing elongation/
contraction, and the vehicle body tilting device functions
as an inhibiting cylinder that prevents the vehicle body
from tilting.

[0052] When the pantograph is raised to start an op-
eration of the railway vehicle, the solenoid 19b of the
solenoid switch valve 19 is excited such that the solenoid
switch valve 19 switches from the check position to the
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communicating position. After being switched to the com-
municating position, the solenoid switch valve 19 main-
tains the communicating position even when excitation
of the solenoid 19c is halted.

[0053] Once an operation of the railway vehicle has
started, the solenoid switch valve 18, the solenoid switch
valves 7 and 8, and the hydraulic pump 1 operate as
follows in accordance with traveling conditions.

(1) When vehicle body tilting is unnecessary

[0054] When a traveling speed is lower than a prede-
termined speed of, for example, 50km/hr or the traveling
speed is equal to or greater than the predetermined
speed but the railway vehicle is traveling in a straight line
or along a gentle curve, the vehicle body does not need
to be tilted.

[0055] In this case, the vehicle body tilting device is
used as an inhibiting cylinder. As regards the damping
and locking circuit 13, the solenoid 18c of the solenoid
switch valve 18 is excited such that the solenoid switch
valve 18 is switched to the check position. As a result,
working oil outflow from the back pressure chamber 16f
that applies back pressure to the valve body 16a of the
shutoff valve 16 is blocked, and therefore the shutoff
valve 16 is held in the closed state. As a regards the
actuator circuit 5, the solenoid switch valves 7 and 8 are
held in a no-power-applying state. The solenoid switch
valves 7 and 8 are held in the check position by the
springs 7b and 8b, respectively. Hence, the actuator A
is set in a locked state where elongation and contraction
are prevented, and therefore the vehicle body tilting de-
vice functions as an inhibiting cylinder that prevents the
vehicle body from tilting.

(2) When vehicle body tilting is required

[0056] When the vehicle traveling speed reaches or
exceeds 50km/hr, for example, and the railway vehicle
passes a curve having an insufficient cant, the vehicle
body must be tilted.

[0057] In the damping and locking circuit 13 in this
case, the solenoid switch valve 18 is supplied with power
to switch the solenoid switch valve 18 to the check posi-
tion. As a result of this operation, the shutoff valve 16 is
fixed in the closed position such that the flow of working
oil between the pressure chambers R1 and R2 of the
actuator A via the damping and locking circuit 13 is
blocked. In the actuator circuit 5, the solenoid switch
valves 7 and 8 are supplied with power such that both
solenoid switch valves 7 and 8 are switched to the com-
municating position. Further, the hydraulic pump 1 is op-
erated in accordance with a required vehicle body tilting
direction.

[0058] As a result of the above operations, the piston
3 displaces in the axial direction within the actuator A,
and the pendulum beam D is tilted relative to the bogie
W via the piston rod 4. In other words, the vehicle body
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tilting device functions as an actuator that tilts the vehicle
body B relative to the bogie W.

[0059] Oil pressure for driving the actuator A flows di-
rectly between the actuator circuit 5 and the pressure
chambers R1 and R2 of the actuator A, without passing
through the damping and locking circuit 13. Hence, the
damping and locking circuit 13 does not interfere with the
actuator circuit 5, and during elongation and contraction
of the actuator A, energy loss due to the working oil en-
tering the damping and locking circuit 13 does not occur.

(3) When the vehicle body tilting device fails

[0060] The vehicle body tilting device requires a damp-
er function for allowing the vehicle body B to tilt but sup-
pressing dramatic tilting of the vehicle body B when pow-
er supply to the vehicle body tilting device becomes im-
possible during railway vehicle travel.

[0061] In the damping and locking circuit 13 in this
case, the solenoid switch valve 18 is maintained in the
communicating position by an elastic force of the spring
18b. The solenoid switch valve 19 holds the communi-
cating position switched to at the beginning of the oper-
ation of the railway vehicle. Hence, the shutoff valve 16
can be opened in accordance with the upstream pres-
sure.

[0062] In the actuator circuit 5, the solenoid switch
valves 7 and 8 are not supplied with power, and therefore
the solenoid switch valves 7 and 8 are held in the check
position. Moreover, the hydraulic pump 1 is not operated.
Therefore, working oil does not flow between the actuator
circuit 5 and the actuator A, and the actuator circuit 5
does not interfere with the operation of the damping and
locking circuit 13.

[0063] Whentherailway vehicle passes acurve having
a cant in the above state, centrifugal force acts on the
vehicle in an outside direction of the curve. A center of
gravity of the vehicle body is positioned lower than a cent-
er of curvature of the pendulum beam D, and therefore
the centrifugal force acts as a force that causes the ve-
hicle body B to tilt toward the inside of the curve. Hence,
when the vehicle body B tilts relative to the bogie W, the
piston 3 slides within the cylinder 2 such that the pressure
in the pressure chamber R1 and the pressure in the pres-
sure chamber R2 become unbalanced. As a result of this
operation, working oil flows between the pressure cham-
bers R1 and R2 via the damping and locking circuit 13.
[0064] More specifically, when the vehicle body B is
tilted in the counterclockwise direction of FIG. 1 by the
centrifugal force, the piston 3 displaces to the pressure
chamber R2 side such that a part of the working oil in the
pressure chamber R2 flows into the pressure chamber
R1 via the flow passage 14c, the check valve 21, the
shutoff valve 16, the main flow passage 14a, the orifice
15b, the check valve 22, and the flow passage 14b. Dur-
ing this process, the orifice 15b generates a damping
force based on the flow resistance, and therefore the
vehicle body tilting device functions as a damper that
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damps the tilting of the vehicle body generated by the
centrifugal force. When the flow rate through the orifice
15b reaches or exceeds a fixed level, the flow resistance
of the orifice 15b reaches a maximum. In this case, the
damping valve 15 opens, whereby working oil is caused
to flow into the pressure chamber R1 from the main flow
passage 14a via the flow passage 14d and the flow pas-
sage 14b by a damping force based on the flow resist-
ance of the damping valve 15.

[0065] When the vehicle body B is tilted in the clock-
wise direction of FIG. 1 by the centrifugal force, the piston
3 displaces to the pressure chamber R1 side such that
a part of the working oil in the pressure chamber R1 flows
into the pressure chamber R2 via the flow passage 14b,
the check valve 20, the shutoff valve 16, the main flow
passage 14a, the orifice 15b, the check valve 23, and
the flow passage 14c. During this process, the orifice 15b
generates a damping force based on the flow resistance,
and therefore the vehicle body tilting device functions as
a damper that damps the tilting of the vehicle body gen-
erated by the centrifugal force. When the flow rate
through the orifice 15b reaches or exceeds a fixed level,
the flow resistance of the orifice 15b reaches a maximum.
In this case, the damping valve 15 opens, whereby work-
ing oil is caused to flow into the pressure chamber R2
from the main flow passage 14a via the flow passage
14e and the flow passage 14c while generating a damp-
ing force based on the flow resistance of the damping
valve 15.

[0066] Hence, whenthe vehicle body tilting device fails
during travel, the vehicle body tilting device functions as
adamper that allows the vehicle body B totiltin the center
of curvature direction of the curve but prevents the vehicle
body B from tilting rapidly.

[0067] In other words, when power is not supplied, the
vehicle body tilting device functions as an inhibiting cyl-
inder in a case where the railway vehicle is inoperative,
and functions as a damper in a case where the vehicle
body tilting device fails. Hence, the single actuator A can
be used as an actuator, a damper, and an inhibiting cyl-
inder, depending on conditions.

[0068] Therefore, the vehicle body tilting device can
be reduced in size, and as a result, the entire hydraulic
vehicle body tilting device, including the hydraulic pump
1, the electric motor, and the actuator A, can be housed
in the narrow space between the vehicle body B and the
bogie W. Moreover, the single actuator A can be used
as an actuator, a damper, and an inhibiting cylinder, de-
pending on conditions, and therefore the manufacturing
cost of the vehicle body tilting device can be reduced.
[0069] When applied to a railway vehicle that travels
on snow-covered ground, this small vehicle body tilting
device can be accommodated within the pendulum
beam. Therefore, operational defects in the vehicle body
tilting device caused by snow and ice sticking to the de-
vice can be avoided.

[0070] Moreover, since the vehicle body tilting device
uses oil pressure, greater thrust and improved respon-
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siveness can be obtained in comparison with a conven-
tional vehicle body tilting device that uses air pressure.
As aresult, passenger comfort in the railway vehicle can
be improved.

[0071] Referring to FIG. 3, a second embodiment of
this invention will be described.

[0072] This embodiment differs from the first embodi-
ment in the constitution of the damping and locking circuit
13. In this embodiment, damping force is generated by
an orifice 27 alone instead of the damping valve 15 and
the orifice 15b. The orifice 27 is provided in a flow pas-
sage 26 in series with the shutoff valve 16. One end of
the flow passage 26 is connected to the pressure cham-
ber R1, and the other end of the flow passage 26 is con-
nected to the pressure chamber R2.

[0073] The connecting passage 24 extending from the
accumulator 11 is connected to the pressure chamber
R1 via a check valve 29a. The connecting passage 24
extending from the accumulator 11 is connected to the
pressure chamber R2 via a check valve 29b.

[0074] Parallel relief valves 41 and 42 are connected
to the pressure chambers R1 and R2 via a flow passage
26. When the pressure of the pressure chamber R1 be-
comes abnormally high, the relief valve 41 allows working
oil to escape from the pressure chamber R1 into the pres-
sure chamber R2 through the flow passage 26. When
the pressure of the pressure chamber R2 becomes ab-
normally high, the relief valve 42 allows working oil to
escape from the pressure chamber R2 into the pressure
chamber R1 through the flow passage 26.

[0075] According to this embodiment, similar effects
to the first embodiment are obtained, and in addition, the
constitution of the damping and locking circuit 13 can be
simplified.

[0076] Referring to FIG. 4, a third embodiment of this
invention will be described.

[0077] This embodiment differs from the first embodi-
ment in the constitution of the damping and locking circuit
13. Furthermore, an axial piston pump is used as the
hydraulic pump 1. All other constitutions of the actuator
circuit 5 are identical to those of the first embodiment.
[0078] With regard to the damping and locking circuit
13, in this embodiment, a normally open solenoid switch
valve 43 is used in place of the shutoff valve 16 and the
solenoid switch valves 18 and 19 of the first embodiment.
All other constitutions of the damping and locking circuit
13 are identical to those of the first embodiment.

[0079] The solenoid switch valve 43 includes a valve
main body 43a having a communicating position in which
working oil is permitted to flow in both directions of the
main flow passage 14a, and a check position in which
working oil is prevented from flowing from the main flow
passage 14ain the direction of the orifice 15b but allowed
to flow in reverse. The solenoid switch valve 43 also in-
cludes a spring 43b that biases the valve main body 43a
toward the communicating position, and a solenoid 43c
that switches the valve main body 43a to the check po-
sition against the spring 43b through excitation.
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[0080] When not excited, the solenoid switch valve 43
is held in the communicating position by an elastic force
of the spring 43b. In this state, the actuator A elongates
and contracts under the damping force generated by the
orifice 15b and damping valve 15, whereby the vehicle
body tilting device functions as a damper.

[0081] When the railway vehicle does not require ve-
hicle body tilting, i.e. when the traveling speed is lower
than the predetermined speed or when the traveling
speed is equal to or higher than the predetermined speed
but the railway vehicle is traveling in a straight line or
along a gentle curve, the solenoid switch valve 43 is
switched to the check position by exciting the solenoid
43c. As aresult, working oil is prevented from flowing out
of the oil chambers R1 and R2 of the actuator A by the
solenoid switch valve 43. In the actuator circuit 5, the
hydraulic pump 1 is not driven, and therefore the solenoid
switch valves 7 and 8 are held in the check position.
Hence, elongation/ contraction of the actuator A is
locked, and the vehicle body tilting device functions as
an inhibiting cylinder.

[0082] On the other hand, when the railway vehicle
requires vehicle body tilting, i.e. when the vehicle
traveling speed is equal to or greater than the predeter-
mined speed and the railway vehicle passes a curve hav-
ing an insufficient cant, the solenoid switch valve 43 is
held in the check position and the solenoids 7c and 8c
ofthe solenoid switch valves 7 and 8 of the actuator circuit
5 are excited to switch the solenoid switch valves 7 and
8 to the communicating position. The electric motor M is
supplied with power so as to operate the hydraulic pump
1. In the damping and locking circuit 13, the solenoid
switch valve 43 is in the check position, and therefore
working oil is prevented from flowing out of the pressure
chambers R1 and R2 of the actuator A via the damping
and locking circuit 13. Hence, the actuator A is driven to
elongate and contract by the oil discharged from the hy-
draulic pump 1, and the vehicle body tilting device func-
tions as an actuator for tilting the vehicle body B relative
to the bogie W.

[0083] When power supply to the vehicle body tilting
device becomes impossible while the railway vehicle is
traveling, the solenoid switch valve 43 of the damping
and locking circuit 13 is held in the communicating posi-
tion by the elastic force of the spring 43b. Meanwhile, the
solenoid switch valves 7 and 8 of the actuator circuit 5
are held in the check position by the elastic force of the
springs 7b and 8b. As a result, the working oil in the pres-
sure chambers R1 and R2 of the actuator A becomes
capable of flowing bidirectionally while generating damp-
ing force relative to the external force applied to the ac-
tuator A via the orifice 15b and the damping valve 15,
and thus the vehicle body tilting device functions as a
damper. The vehicle body tilting device functions simi-
larly as a damper both when the railway vehicle is inop-
erative and when the vehicle body tilting device fails.
[0084] The difference between this embodiment and
the first and second embodiments is in the response ex-
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hibited when the railway vehicle is inoperative. In the first
and second embodiments, the vehicle body tilting device
functions as an inhibiting cylinder when the railway ve-
hicle is inoperative and as a damper when the vehicle
body tilting device fails. In this embodiment, however,
the vehicle body tilting device functions as a damper in
both cases. Hence, according to this invention, the func-
tion of the vehicle body tilting device when the railway
vehicle is inoperative can be set as desired by varying
the constitution of the damping and locking circuit 13.
[0085] Meanwhile, by using an axial piston pump as
the hydraulic pump 1, the following effects are obtained.
[0086] An axial piston pumpis a well-known pump hav-
ing the following specific constitution. An axial piston
pumpincludes acylinder block thatis housed ina housing
to be free to rotate and is driven to rotate by an electric
motor M, an odd number of cylinder holes formed in the
cylinder block at equal intervals on an identical circum-
ference, a piston inserted into each cylinder hole to be
free to slide, a piston shoe that supports one end of each
piston via a ball joint, a swash plate that slides along the
piston shoe so as to tilt the piston shoe relative to an axis
of the cylinder block, and a valve plate that contacts an
end surface of the cylinder block so as to be free to slide
and forms an intake port and a discharge port. The axial
piston pump is capable of bidirectional discharge in ac-
cordance with a rotation direction of the electric motor M.
Further, a discharge flow rate is varied in accordance
with a rotation speed of the electric motor M. The swash
plate may be a fixed angle type or a variable angle type.
[0087] In accordance with rotation of the axial piston
pump, the piston shoe is pushed toward the swash plate
by pressure generated in the cylinder and the cylinder
block is urged toward the valve plate. As a result, a fric-
tional force against the rotation of the cylinder block is
generated between the piston shoe and the swash plate
and between the cylinder block and the valve plate. In
contrast to a pressure loading gear pump or a pressure
balance gear pump, the frictional force does notincrease,
and when the axial piston pump is driven to rotate, the
torque required thereby is not as large as that of a pres-
sure loading gear pump or a pressure balance gear
pump. A feature of an axial piston pump is that it can be
driven to rotate by a smaller external input than a gear
pump.

[0088] The axial piston pump constituting the hydraulic
pump 1 generates a smaller frictional resistance force
relative to rotational driving than a gear pump, and can
be rotated by a smaller torque. Therefore, when torque
equal to or greater than an output of the electric motor
M is input externally, the actuator A can be caused to
elongate and contract more easily, whereby the apparent
rigidity of the actuator A decreases in comparison with a
conventional actuator.

[0089] When the vehicle body tilting device is used as
an actuator, the solenoid switch valve 43 is held in the
check position by electrifying the solenoid 43c. There-
fore, working fluid does not pass through the damping
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and locking circuit 13, and the damper function generated
by the damping and locking circuit 13 is not activated.
According to this embodiment, however, when torque
equal to or greater than the output of the electric motor
M is input externally, the actuator A elongates and con-
tracts under a damping force based on the frictional re-
sistance force of the hydraulic pump 1. Therefore, the
vehicle body tilting device can function as a damper while
also functioning as an actuator. Hence, according to this
embodiment, vibration and impacts inputinto the actuator
A externally can be absorbed while the vehicle body B
is tilted relative to the bogie W. According to this embod-
iment, sufficient thrust and responsiveness can be gen-
erated by the hydraulic vehicle body tilting device, and
vibration and impacts can be absorbed while the vehicle
body B is tilted. Therefore, a favorable effect in terms of
improving the passenger comfort of the railway vehicle
is obtained.

[0090] The contents of Tokugan 2007-315569 and
Tokugan 2007-315570, with a filing date of December 6,
2007 in Japan, are hereby incorporated by reference.
[0091] Although the invention has been described
above with reference to certain embodiments, the inven-
tion is not limited to the embodiments described above.
Modifications and variations of the embodiments de-
scribed above will occur to those skilled in the art, within
the scope of the claims.

[0092] For example, in each of the above embodi-
ments, this invention is applied to a railway vehicle having
a vehicle body that is tilted using a so-called pendulum
structure, but this invention may also be applied to a rail-
way vehicle in which left and right actuators are inter-
posed between the vehicle body B and the bogie W in a
vertical orientation and the vehicle body B is tilted by
causing these actuators to elongate and contract.
[0093] Further, the driving medium of the actuator A is
not limited to working oil, and any other incompressible
fluid may be used.

INDUSTRIAL FIELD OF APPLICATION

[0094] Asdescribed above, with the vehicle body tilting
device according to this invention, a vehicle can be tilted
with sufficient thrust and responsiveness using a single
hydraulic actuator, and the actuator can be caused to
function as a damper relative to the action of an external
force. Therefore, the hydraulic vehicle body tilting device
can be reduced in size, and as a result of this size reduc-
tion, the vehicle body tilting device can be housed in a
pendulum beam between a vehicle body and a bogie of
a railway vehicle. Hence, by applying the vehicle body
tilting device according to this invention to a railway ve-
hicle used in a cold region, operational defects in the
vehicle body tilting device caused by snow and ice stick-
ing thereto can be prevented.

[0095] The embodiments of this invention in which an
exclusive property or privilege is claimed are defined as
follows:
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Claims

1. A vehicle body tilting device for a railway vehicle,
characterized by:

a telescopic hydraulic actuator (A) interposed
between a vehicle body (D) and a bogie (W) of
the railway vehicle;

an actuator circuit (5) that drives the hydraulic
actuator (A) to elongate and contract; and

a damping and locking circuit (13) that damps
elongation/contraction of the hydraulic actuator
(A) caused by an external force and includes a
shutoff mechanism (17, 18, 19, 43) that shuts
off a flow of working fluid accompanying the
elongation/contraction of the hydraulic actuator
(A) caused by the external force.

2. The vehicle body tilting device for a railway vehicle
as defined in Claim 1, characterized in that the hy-
draulic actuator (A) comprises a cylinder (2), a piston
(3) housed in the cylinder (2) to be free to slide, a
piston rod (4) that is joined to the piston (3) and
projects outward from the cylinder (2), and two pres-
sure chambers (R1, R2) defined in the cylinder (2)
by the piston (3).

3. The vehicle body tilting device for a railway vehicle
as defined in Claim 2, characterized in that the
damping and locking circuit (13) comprises a flow
passage (14a, 14b, 14c, 14d, 14e, 26) that connects
the two pressure chambers (R1, R2), a shutoff valve
(16, 43) that shuts off a predetermined direction flow
of the flow passage (14a, 14b, 14c, 14d, 14e, 26)
when operated, and a damping force generating el-
ement (15, 15b, 27) that applies a resistance to fluid
flowing through the shutoff valve (16, 43) in an open
state.

4. The vehicle body tilting device for a railway vehicle
as defined in Claim 3, characterized in that
the shutoff valve (16, 43) comprises a valve seat
(16b), a valve body (16a) that sits on the valve seat
(16b), a spring (16e) that biases the valve body (16a)
toward the valve seat (16b), and a back pressure
chamber (16f) that applies a back pressure to the
valve body (16a),
the valve body (16a) is configure to shut off the flow
of working fluid through the flow passage (14a, 14b,
14c, 14d, 14e, 26) when seated on the valve seat
(16b) and separate from the valve seat (16b), when
the back pressure in the back pressure chamber
(16f) is released, in accordance with a pressure in a
high pressure side pressure chamber of the two
pressure chambers (R1, R2) to allow working fluid
to flow through the flow passage (14a, 14b, 14c, 14d,
14e, 26), and
the shutoff mechanism (17, 18, 19, 43) comprises a
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drain passage (17) that releases the back pressure
in the back pressure chamber (16f), and a solenoid
switch valve (18, 19) that shuts off the drain passage
(17).

The vehicle body tilting device for a railway vehicle
as defined in Claim 4, characterized in that the so-
lenoid switch valve (18, 19) is constituted by a nor-
mally open solenoid switch valve (18) that sets the
drain passage (17) in a shutoff state when excited,
and a self-holding solenoid two-position switch valve
(19) that is disposed in series with the normally open
solenoid switch valve (18) and sets the drain pas-
sage (17) in the shutoff state or a communicating
state when excited.

The vehicle body tilting device for a railway vehicle
as defined in Claim 3, characterized in that the
shutoff valve (16, 43) is constituted by a solenoid
switch valve (43) that shuts off a predetermined di-
rection flow of working fluid through a flow passage
(26) when excited.

The vehicle body tilting device for a railway vehicle
as defined in any one of Claim 3 through Claim 6,
characterized in that the damping force generating
element (15, 15b, 27) comprises an orifice (15b) and
a damping valve (15) disposed parallel to the orifice
(15b).

The vehicle body tilting device for a railway vehicle
as defined in any one of Claim 3 through Claim 6,
characterized in that the damping force generating
element (15, 15b, 27) is constituted by an orifice (27)
provided in the flow passage (26) connecting the two
pressure chambers (R1, R2).

The vehicle body tilting device for a railway vehicle
as defined in any one of Claim 2 through Claim 8,
characterized by an accumulator (11) that stores
fluid which flows out of either of the two pressure
chambers (R1, R2) via the damping and locking cir-
cuit (13) and supplies fluid to the pressure chamber
(R1, R2) that has decreased in pressure via the
damping and locking circuit (13).

The vehicle body tilting device for a railway vehicle
as defined in Claim 2, characterized in that the ac-
tuator circuit (5) comprises two passages (9, 10) con-
nected respectively to the two pressure chambers
(R1, R2), a bidirectional discharge hydraulic pump
(1) that suctions working fluid from one of the two
passages (9, 10) and discharges the suctioned work-
ing fluid to the other of the two passages (9, 10), and
a solenoid switch valve (7, 8) provided in each of the
two passages (9, 10), which prevents working fluid
from flowing out of the two pressure chambers (R1,
R2) when excited.
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10

11. The vehicle body tilting device for a railway vehicle

as defined in Claim 10, characterized in that the
hydraulic pump (1) is constituted by an axial piston
pump.
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Accordingly, the inventions of claims 1-9 and claims 10-11 have no
technical relationship within the meaning of PCT Rule 13.
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